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Abstract: This paper provides evidence on the likelihood of formal finance usage among innovative
small and medium enterprises (SMEs) operating in ASEAN countries. To this end, the SMEs are
classified into four categories, namely non-innovators and product, process, and product-and-process
innovator SMEs. Subsequently, a propensity score weighting (PSW) analysis is performed to adjust for
diversity existing across innovative SMEs. The resulting propensity scores are further used to perform
the causal effect analysis based on the average treatment effect (ATE) approach, which measures the
likelihood of formal finance usage among different types of innovative SMEs. Our ATE results reveal
that SMEs simultaneously engaged in product and process innovation show a higher likelihood
of using formal finance than non-innovators. However, formal finance usage of SMEs perusing
only product/service or process innovation is not any different from non-innovators. Furthermore,
our pairwise analysis shows that product and process innovators also exhibit a higher likelihood of
formal finance usage than product/service or process innovators. Besides, younger and medium-size
product and process innovating SMEs are more likely to use formal finance. These results are robust
for different subsamples and firm- and country-level controls.
Keywords: innovation; small and medium enterprises (SMEs); formal finance; ASEAN countries;
propensity score weighting
1. Introduction
In most developing economies, bank-led formal finance is the leading vehicle for meeting
financing needs due to underdeveloped capital markets and limited options available for raising
capital. In addition to being used by many large firms, it is the most prominent outlet of external
financing for small and medium enterprises (SMEs) operating in the developing countries (Beck et al.
2008). In the context of developing economies, studies show that formal finance plays a crucial role in
SME growth, which is primarily driven by innovative activities (Cornaggia et al. 2015; Wellalage and
Fernandez 2019). For example, Vietnam is the most prominent emerging economy in ASEAN region
where formal financing by way of financial markets is an emerging mechanism of financing for SMEs
(Vuong 2019), which represent about 98 percent of all registered firms (Le et al. 2019). Specifically,
bank loans and leasing have been a key driver for SME innovation and growth in the country (Vuong
2019; Le et al. 2019). This implies that there is an essential and positive link between formal finance
and SME innovation. There are several reasons why this link exists. For instance, innovation is a
process that often takes place over a more extended period, as it involves multiple steps such as
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planning, designing, development, and testing of innovation projects. Fittingly, the maturity matching
principle requires that long-term innovation projects be financed with long-term loans provided by
formal finance providers. Another reason is the loans with lower interest rates offered by the formal
finance institutions. Cheaper loans reduce the financial burden for innovative firms, and, in turn,
promote innovation.
Given the association between formal finance and innovation, an emerging strand of literature
has begun to explore various dimensions of this relationship. As we discuss later in Section 2, the
following themes emerge from the literature. First, further investigation on the relationship is more
important for developing countries, whose economic growth is primarily driven by SMEs for which
innovation is the leading driver of growth. Second, formal finance is not uniformly accessible to SMEs
across all countries (Wellalage and Fernandez 2019; Wellalage and Reddy 2020; Lee et al. 2015). Hence,
even among developing countries, the formal finance avenues available to SMEs may vary considerably.
Third, prior works have mostly considered indirect indicators of innovation, such as research and
development (R&D) costs and patterns (Mancusi and Vezzulli 2010; Lööf and Nabavi 2016). However,
these indicators represent innovation inputs and miss out the output related information provided by
other direct and more detailed innovation activities. Notably, SME innovation is a broad concept that
can be segregated further based on activities related to the product, process, etc. Given the diverse
nature of innovation activities, SMEs will likely have different funding requirements to finance a given
type of innovation. Motivated by these divergences in funding, this study investigates how financing
choices vary between different types of innovative SMEs in ASEAN countries. Our sample includes
ASEAN countries because (a) previous literature has paid little attention to these countries in studying
the relationship between formal finance and SME innovation, and (b) SMEs have been in the spotlight
in ASEAN due to their overwhelming contribution to economic growth through innovation.
This study uses a representative sample of SMEs operating in ASEAN countries to provide
evidence on the likelihood of formal finance use among innovative SMEs. Extracted from the World
Bank’s enterprise survey of 2015–2016, the data comprise 4541 SMEs operating in eight ASEAN
countries. We classify SMEs into four categories, namely non-innovators and product, process,
and product-and-process innovator SMEs. Subsequently, we perform propensity score weighting
(PSW) analysis to adjust for inherent differences in the different types of innovative SMEs based on
their ownership structure, gender diversity, firm size, leverage, growth, and research and development
expenditure. The PSW analysis generates analogous treatment and control groups that satisfy the
conditions of sufficient balance and overlap. Using propensity score balanced groups of innovator
SMEs, we perform causal effect analysis by employing the average treatment effect (ATE) approach to
measure the likelihood of formal finance usage among different types of innovative SMEs compared
to non-innovators. Our ATE results reveal that SMEs simultaneously engaged in both product and
process innovation show a higher likelihood of using formal finance than non-innovators. However,
SMEs perusing only product/service or process innovation do not show any significant differences in
formal finance use compared to non-innovators. Additionally, our pairwise analysis shows that product
and process innovators also exhibit a higher likelihood of formal finance use than product/service or
process innovators. Likewise, younger and medium-size product and process innovating SMEs are
more likely to use formal finance. These results are robust for different subsamples and firm- and
country-level controls.
Our study contributes to the growing literature, which explores the relationship between SME
innovation and external finance usage for developing countries. While previous studies have studied
this relationship for Eastern European and Central Asian economies (Wellalage and Fernandez 2019)
and Latin America (Fernandez 2017), we consider SMEs operating in ASEAN countries to provide
further evidence in this respect. This is important for both investors and policymakers concerned with
ASEAN SMEs because SMEs engaging in innovation activities primarily drive economic growth in
these countries. We use direct indicators of innovation, namely product and process, instead of indirect
proxies, such as research and development (R&D) costs and patterns employed by earlier works
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(Mancusi and Vezzulli 2010; Lööf and Nabavi 2016). Studies show that although R&D could represent
innovation in large firms in technologically advanced nations, it may not be a good proxy for SME
innovation in developing countries (Acemoglu et al. 2006), as not all SME innovation would involve
R&D expenditures in these countries (Gorodnichenko and Schnitzer 2013). Additionally, the choice of
innovation also depends on many firm- and market-level characteristics (see Lee et al. 2015; Wellalage
and Fernandez 2019; Archer et al. 2020). This study focuses on core innovation, such as product and
process innovation, which hinges on the fact that, for SMEs, external finance has a clear association
with core innovation rather than soft innovation (defined as innovation related to marketing and
organizational activities1). Another contribution of this study is the use of a robust empirical approach.
This approach accounts for the potential loss of information typically associated with direct proxies of
innovation. It successfully considers the fact that firms have varying innovation activities that range
from just product/service or process innovation to both product and process innovation. The study
employs an estimation technique that captures the effect of multi-value treatments, introduced by
McCaffrey et al. (2013), to overcome limitations of dummy variable approaches used by prior works
(see, e.g., Ayyaga et al. 2011, 2014; Wu et al. 2016). This approach provides the benefit of using
multivalued treatment variables without losing valuable information.
This paper is structured as follows. Section 2 provides a brief overview of the literature related to
the topic. Section 3 describes the data and methodology. Section 4 presents the empirical findings.
Section 5 concludes the study.
2. Literature Review
This section provides a brief overview of the literature related to the topic. The literature is divided
into five distinct strands: access to finance and firm characteristics, access to finance and country-level
variables, innovation and SMEs, innovative SMEs and finance, and the SME finance–innovation nexus
and propensity scores.
2.1. Innovation and SMEs
In broader terms, innovation is categorized into technological and non-technological innovations.
Non-technological innovation can be classified into organizational and marketing innovations, whereas
technological innovation is classified into product and process innovation (Beck and Demirguc-Kunt
2006; Wang 2016). Klewitz and Hansen (2014) include marketing, radical2, and management innovation
in their studies. The product and process innovations involve apparent changes in the product
specification, along with changes in the processes in the form of equipment, technology, techniques,
or software. Studies confirm that SMEs are more inclined towards technological innovations with a
stake in the product and process innovation (Kim et al. 2012; Shashi et al. 2019; Shi et al. 2018).
2.2. Innovative SMEs and Finance
SMEs play a critical role in promoting the innovation capital of both developed and developing
countries. However, SMEs need finance to introduce new products and processes and compete in
the market (Wellalage and Fernandez 2019). While access to finance is considered as the lifeblood of
SMEs for carrying out innovative activities, financial constraints significantly hinder this process (Beck
and Demirguc-Kunt 2006; Wang 2016). Qamruzzaman and Jianguo (2019) indicate that inadequate
financing affects SME growth, which, in turn, brings about undesirable consequences to the economy.
Moreover, the lack of proper financial documentation subjects SMEs to a higher risk premium charged
by the lending institutions. It also lends SMEs to stricter requirements from the banks supplying
the finance, thereby constraining them to receive sufficient financial resources (Cornelli et al. 2019).
1 The OECD defines marketing and organizational innovations in the Oslo Manual (2005).
2 Radical innovation has been investigated long before the Klewitz and Hansen (2014) study.
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Consequently, financially constrained SMEs in developing countries are less likely to pursue innovative
endeavors (Archer et al. 2020). This inhibits the growth of SMEs and the economic backwardness of
the developing countries (del Brío and Junquera 2003).
Finance providers are categorized into formal sources such as banks, venture capitalists, and the
government (see, e.g., Lee et al. 2015), and informal sources (Armendáriz and Morduch 2010; Wu et al.
2016; Lin and Sun 2006). Studies show that SMEs face difficulty to acquire funds from formal sources
than informal counterparts. The informal financial institutions provide easy and low-cost finance than
formal finance providers (Armendáriz and Morduch 2010; Wu et al. 2016; Lin and Sun 2006).
Conversely, innovation has attracted financiers and angel investors because innovative firms
are better equipped to compete in local and international markets (O’Cass and Weerawardena 2009).
Similarly, the recent advances in SME financing, especially the advent of Fintech through non-banking
channels that impose manageable conditions for financing SMEs, have eased the financial difficulties
of SMEs. The credit approach of these Fintech firms differ from conventional banks; for example,
they use big data methods to access the credit risk of any firm, including SMEs. The Fintech based
lenders also lend to new firms with innovative business plans, which do not have tangible assets as
collateral. However, informal finance providers give credit without tangible collateral (Degryse et
al. 2017). Fintech firms give importance to intangible assets such as intellectual property to provide
finance to new firms, thus increasing the financial inclusion among the new SMEs (Hau et al. 2018).
Thus, the introduction of innovative financial services provides various opportunities for SMEs to
meet their financial needs.
In a different vein, studies show that financing and innovation are not always related to developing
economies. For example, the results from Archer et al. (2020) and Kim et al. (2019) reveal that the
financial constraints do not significantly affect the innovation of SMEs in Vietnam. Further, Sasidharan
et al. (2015) find no relationship between the innovation and the access to finance of SMEs in India.
Moreover, studies show that excess financing has varying effects on SME productivity. For example,
Adegboye and Iweriebor (2018) analyzed the role of access to finance in enhancing productivity and
innovation in Nigerian SMEs. The results show that access to finance encourages innovation, but it
inhibits productivity. Kijkasiwat and Phuensane (2020) analyzed the relationship between innovation
and firm performance in Eastern European and Central Asian countries. The authors’ result shows a
positive relationship between innovation and firm performance. Further, it shows that the amount of
finance has a moderating and mediating effect on the nexus between innovation and firm performance.
Therefore, we reconcile that formal finance has a significant relationship with SME innovation,
and this relationship is more important for developing countries. Additionally, innovation activities
related to product and process play an essential role in SME growth, and, therefore, are more likely to
drive SMEs for formal financing choice.
2.3. Access to Finance and Firm Characteristics
Previous studies have shown that different firm characteristics determine the likelihood of
accessing external finance. For example, using the concept of life cycle paradigm, Carey and Prowse
(1993) and Berger and Udell (1998) argue that larger SMEs are more likely to access external finance
given their profitability, information opacity, and diversification of business operations. Similarly,
the prospects of accessing external finance are also related to firm age as younger firms have an
opaque information environment due to both the absence of record maintenance and recent entry
into the market that makes it harder for them to access finance (Berger and Udell 1998; Coleman
2004). Moreover, performance factors such as profitability and growth also affect SMEs’ prospects
of obtaining external funding. Moritz et al. (2016) and Lawless et al. (2015) argue that the past and
current profitability performance of SMEs serves as a tool to stimulate external financing. Likewise,
the growth performance of the firm show a positive association with external financing (Pagano and
Röell 1998) and ensures better financing conditions (Rajan 1992).
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Further, firm-level governance indicators such as foreign ownership, female ownership, years of
top management experience, and female managers also play an essential role in determining access to
finance. Wagner and Weche Gelübcke (2015) and Abor and Biekpe (2007) report a positive association
between foreign ownership and access to finance; additionally, high-tech independent SMEs benefit
from foreign ownership related with accessibility to external funding. Moreover, majority ownership
and top-management positions held by a female also exhibit a positive association with access to finance
(Abor and Biekpe 2007; Botrić and Božić 2017; Pham and Talavera 2018) and preference for using formal
financing sources (Bardasi et al. 2011; Yazdanfar and Turner 2012). On the other hand, the manager
and owner experience influences the initial financing of SMEs (Abdesamed and Abd Wahab 2012).
2.4. Access to Finance and Country-Level Variable
Furthermore, the country-level factors such as the development of credit markets, gross domestic
product, and the strength of legal rights systems also play an essential role in SMEs’ inclination to
external finance. Studies show that the development of informal and formal credit markets in a country
increases the prevalence of external financing in SMEs (Brown et al. 2013; Li et al. 2019; Palacín-Sánchez
et al. 2019). Additionally, a sound and efficient legal system that protects the rights of SMEs and
provides speedy justice increases the likelihood of external financing (Fatoki 2014; Haselmann and
Wachtel 2010; Palacín-Sánchez et al. 2019). Finally, higher per capita GDP causes SMEs to invest more
and acquire funding from external sources (Barbu et al. 2019).
2.5. SME Finance–Innovation Nexus and Propensity Scores
This study uses a robust empirical approach that considers the potential loss of information due
to direct proxy usage since most organizations have varying innovation activities that range from
product/service or process innovation to both product and process innovation. To this end, we resort to
an estimation technique introduced by McCaffrey et al. (2013), which captures the effect of multi-value
treatments, and hence overcomes the limitations of the dummy variable approaches used in prior
works (see, e.g., Ayyaga et al. 2011, 2014; Wu et al. 2016). The seminal work of Rosenbaum and Rubin
(1983) provides the foundation for propensity scores in the literature by addressing the critical role
of propensity scores in observational works that capture causal relationships. Recently, Lee (2018)
built on the idea of Rosenbaum and Rubin (1983) and argued that once a conditional on observables is
subject to a multivalued treatment, a causal comparison between subpopulations is invalid unless two
propensity scores are computed at a given treatment level. Accordingly, Lee (2018) improved the causal
relationships by introducing efficient propensity scores, thus pioneering the application of propensity
scores’ application in management sciences. In this framework, Pellegrini and Sironi (2017) use the
case of multivalued treatment as an extension of the binary case in the context of SMEs. Adding to this
literature strand, we use the multivalued treatment approach without losing valuable information.
3. Data and Methodology
3.1. Variable Description
The use of formal or informal finance by an SME is the primary dependent variable for this study.
Following Wellalage and Fernandez (2019), formal finance refers to the use of the bank, and non-bank
institution loans by an SME, whereas informal finance refers to the loans from informal sources such as
friends, family, and trade credits. Accordingly, we define access to finance as a dummy variable that
takes the value one if a firm borrows money from a bank and non-bank institutions and zero if the firm
uses informal financing sources. Moreover, we use firm innovation as primary independent variables
that categorize SMEs into four firm types based on their answers to the following survey question(s):
Has this firm introduced new or significantly improved products or services during the last
three years?
Has this firm introduced new or significantly improved process during the last three years?
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If a firm answers both questions in negation, it is classified as non-innovative SME and takes
the value one. On the other hand, if a firm confirms introducing a new product or service during
the last three years, we categorize that firm as a product-innovating SME, and it takes the value of
two. Similarly, an SME engaged in process innovation takes the value three. Lastly, if a firm answers
both questions in affirmation, we classify that SME as product- and process-innovating SME, and it
takes the value of four. Hence, our innovation variables include four values that describe SMEs from
non-innovative to entirely innovative.
Further, we follow existing studies such as (Wellalage and Fernandez 2019) and (Bongini et al.
2019) in the selection of characteristics that determine the SME choice between formal and informal
financing choices. Accordingly, we use various firm- and country-level characteristics defined here:
• Age: Defined as the number of years since the establishment of the firm. Younger firms have
an opaque information environment due to the absence of a record of accomplishments and the
newness factor that creates a disadvantage in accessing formal finance (Berger and Udell 1998;
Coleman 2004).
• Size: Total value of assets is employed as a proxy for firm size. According to Carey and Prowse
(1993) and Berger and Udell (1998), larger SMEs are more likely to access formal finance given
their profitability, less information opacity and diversified business operations.
• Foreign ownership: Percentage of foreign ownership in an SME. Studies show a positive association
between foreign ownership and access to formal finance (Abor and Biekpe 2007; Wagner and
Weche Gelübcke 2015).
• Female ownership (Female top manager): Dummy variables that take the value one if the SME
has a female owner (top manager), and zero otherwise. Majority ownership and top-management
positions held by a female also exhibit a positive association with access to finance (Abor and
Biekpe 2007; Botrić and Božić 2017; Pham and Talavera 2018) and preference for using formal
financing sources (Bardasi et al. 2011; Yazdanfar and Turner 2012).
• Manager experience: Number of years a manager has been a top manager. Abdesamed and Abd
Wahab (2012) report a positive association between manager experience and formal financing.
• Time spent with government officials: Percentage of total senior management’s time spent on the
requirements imposed by government regulations in a typical week over the last year.
• Development of credit markets: Percentage of private credit by deposit money banks and other
financial institutions to GDP. According to Palacín-Sánchez et al. (2019), the development of
informal and formal credit markets in a country increases the prevalence of formal financing.
• The efficiency of the legal system: the strength of legal rights index that ranges between a weak
(0) and strong (12) legal system. Studies show a sound and efficient legal system that protects the
rights of SMEs and provides speedy justice increases the likelihood of formal financing (Fatoki
2014; Haselmann and Wachtel 2010).
• GDP per capita: GDP per capita in US dollar. According to Barbu et al. (2019), higher per capita
GDP causes SMEs to invest more and acquire funding from formal sources.
Access to finance variables describes the use of finance by an SME at the time of the survey.
Likewise, firm-level variables such as female and foreign ownership, top manager experience, and top
female manager are observed at the time of the survey. Country-level variable such as private credit
to GDP, GDP per capita and efficiency of the legal system are also collected during the survey time.
Moreover, the variable measuring the choice to engage in innovation activity exhibits changes in
innovation activities during the previous three years. As a result, the data collection method minimizes
the chances of simultaneity bias in our empirical estimations.
3.2. Data Description
We use the World Bank enterprise survey database to collect the sample data for this study.
The enterprise survey database collects and distributes extensive data for more than 164,000 small and
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medium enterprises (SMEs) from 144 countries. This database provides globally comparable data for
different business environment indicators such as regulations and taxes, crime and corruption, as well
as enterprise-level indicators such as informality, infrastructure, workforce, use of innovation and
technology, finance, and female participation in the SME sector. We use data of 4541 SMEs operating in
eight ASEAN countries, namely, Indonesia, Thailand, Malaysia, Cambodia, Vietnam, Laos, Myanmar,
and the Philippines. Although there are no uniform criteria is ASEAN countries that classify firms into
SMEs, we use the enterprise survey’s employment-based definition to categorize SMEs into small and
medium enterprises. Firms with employees range between 5–19 employees are categorized as small,
whereas firms with 20–99 employees are classified as medium enterprises. We exclude micro (less than
five employees) and large (more than 100 employees) firms from our sample. The latest survey data
available for sample countries are those from the 2015–2016 survey database.
Table 1 provides the country-wise sample firms’ innovation and financing choices. SMEs from
the Philippines are the most innovative (17.32%) in terms of both product and process innovation,
followed by Myanmar (8.98%) and Vietnam (8.94%). On the contrary, Thailand and Indonesian SMEs
are the least innovative. Moreover, SMEs from Cambodia, Vietnam, and the Philippines engage in
product innovation relatively more than other ASEAN countries, whereas Malaysian, Philippines,
and Cambodian SMEs pursue more process innovation. Additionally, Panel B in Table 1 presents the
industry level product and process innovation that show SMEs in electronic, chemical and chemical
products, and rubber and plastic products industries engage in both product and process innovation.
To a varying degree, these industries also show a higher engagement individually in product or process
innovation. These figures show that the pattern of product and process innovation varies among
ASEAN countries. Additionally, the pattern of innovation activities varies in individual industries,
indicating that the innovation activities could have varying impact on organizational financial needs
that will influence their likelihood of accessing formal finance.
Panel A in Table 1 presents the use of formal and informal financing choices by SMEs in ASEAN
countries. The result shows SMEs from Vietnam, Malaysia, and the Philippines relatively use a higher
percentage of formal financing. Conversely, SMEs from Laos, Myanmar and Cambodia use a higher
percentage of informal financing. Greater use of formal financing by Malaysian and Vietnamese SMEs
correlate with the availability of credit for private sectors in these economies. On the other hand,
the higher relative use of informal credit by SMEs from Myanmar and Cambodia correlate with the
lower ratio of domestic credit to GDP in these countries. Furthermore, the GDP per capita shows that
Malaysia outperforms other countries by a large number.
Table 1. Country- and industry-wise description innovation and financing choices.
Panel A—Country-Wise Data Description







Thailand 465 6.2% 4.3% 3.2% 21.5% 78.5% 147.1% 3769 3
Myanmar 479 10.0% 7.3% 9.0% 17.1% 82.9% 16.0% 1192.5 2
Cambodia 255 22.7% 10.2% 5.5% 19.2% 80.8% 56.5% 750 10
Lao PDR 307 14.0% 2.6% 5.9% 14.7% 85.3% 818 6
Vietnam 682 20.1% 6.0% 8.9% 48.4% 51.6% 102.8% 1078 7
Indonesia 888 7.8% 1.8% 1.8% 30.7% 69.3% 36.0% 1854 6
Philippines 768 18.1% 11.5% 17.3% 32.7% 67.3% 39.5% 1662 1
Malaysia 697 2.6% 15.4% 4.9% 35.9% 64.1% 119.6% 7365 7
Average 12.7% 7.4% 7.1% 27.5% 72.5% 73.9% 2311 5
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Table 1. Cont.
Panel B—Industry-Wise Innovation Engagement
Industry Count Percent Both Process Product
Apparel 93 2.05% 1.08% 2.15% 11.96%
Chemical Products 99 2.18% 6.06% 19.39% 8.25%
Chemicals 99 2.18% 3.03% 5.10% 6.12%
Chemicals and Chemical Products 102 2.25% 17.65% 27.72% 37.25%
Electrical and Communications 70 1.54% 4.29% 5.88% 7.25%
Electronic Products 118 2.60% 7.63% 25.42% 9.32%
Electronics 95 2.09% 18.95% 31.91% 35.48%
Fabricated Metal Products 202 4.45% 12.38% 25.25% 31.68%
Food 263 5.79% 8.75% 14.07% 24.81%
Food and Beverages 86 1.89% 5.36% 15.18% 9.01%
Food Products 112 2.47% 3.49% 10.59% 12.79%
Garments 271 5.97% 7.75% 13.28% 26.30%
Manufacturing 465 10.24% 7.96% 14.90% 19.91%
Non-Metallic Mineral Products 109 2.40% 1.83% 2.75% 6.42%
Non-Metallic Mineral Products 84 1.85% 11.90% 21.43% 33.73%
Other Manufacturing 414 9.12% 8.70% 17.76% 21.52%
Other Services 715 15.75% 6.71% 13.28% 19.10%
Retail 561 12.35% 7.13% 13.46% 20.94%
Retail Trade 83 1.83% 2.41% 19.28% 3.61%
Rubber and Plastics Products 80 1.76% 15.00% 28.75% 37.50%
Rubber and Plastics 203 4.47% 2.46% 5.47% 7.92%
Textiles 108 2.38% 1.85% 2.78% 14.81%
Wearing Apparel 109 2.40% 3.67% 22.22% 8.33%
Note: Table 1 presents the country and industry-wise innovation engagement and financing choices of the sample
SMEs. Country-level variables, percentage of private credit to GDP, GDP per capita and strength of legal rights
index scores are also included. PDR means People’s Democratic Republic.
3.3. Empirical Method
The data description shows a varying level of innovation practices across our sample SMEs that
raise concerns about measuring the likelihood of utilizing formal finance based on innovation type
that an organization selects. Additionally, the choice of innovation also depends on many firm- and
market-level characteristics, as discussed in the literature (see Archer et al. 2020; Lee et al. 2015; Wellalage
and Fernandez 2019). To measure the impact of innovation activity on firm performance, access to
finance or export performance, existing studies use an indicator variable and divide organizations
into innovators and non-innovators (Lee et al. 2015; Polo Otero et al. 2018). This strategy results in
potential loss of information since organizations have varying innovation activities that range from
just product/service or process innovation to both product and process innovation.
The shortcoming of the dummy variable approach indicates the need to employ estimation
techniques that can capture the effect of multivalued treatments. McCaffrey et al. (2013) introduced
the multiple treatment effect methodology that provides the benefit of using multivalued treatment
variables without losing valuable information. Following McCaffrey et al. (2013), we apply a
four-step methodology to capture the causal effects of multiple innovation treatments. In the first step,
we estimate propensity score weights using generalized boosted models to create a treatment group
that is analogous to the control group on several covariates. For example, we use firm-level variables
that may affect the innovation and financing choices of a firm as pre-treatment covariates. The second
step assesses the overlap and balance between treated and non-treated group weights to ascertain the
conditions of sufficient overlap and balance. Further, in step three, we use the population-standardized
bias (PSB) statistic to calculate differences in unweighted and weighted propensity scores to establish
the efficiency of the propensity score weighting (PSW) process. Accordingly, we calculate population
standardized bias statistic (PSB) to evaluate the balance of the weighted and unweighted propensity
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where Xi j represent the PSW mean of the covariate i; Xip and σip denotes the unweighted sample mean
and standard deviation of the covariate across all innovation treatments. Conventionally, any PSB
statistic values larger 0.20 indicates potential imbalance (McCaffrey et al. 2004). The average treatment
effect (ATE) is a commonly used technique to measure the causal effects under the multivalued
treatment context.
Finally, after assessing the conditions of propensity score weights, we estimate the average
treatment effect of innovation choices on the likelihood of accessing formal finance by sample SMEs.
We are interested in measuring the treatment effect of an innovation choice on the likelihood of using
formal finance by the SMEs that are engaged in that innovation choice compared to the treatment
effects of other innovation choices. For example, we use ATE to compare the average likelihood of
using formal finance given that all the observed SMEs are engaged in process innovation against the
sample where all the observed SMEs are engaged in product innovation. Therefore,
ATE = P (F[3]) − P (F[2]) = β3 − β2
where P symbolizes the likelihood of using formal finance and F represents the use of formal finance.
For example, P(F[3]) is the likelihood of using formal finance if the given firm engages in process
innovation. Additionally, βk symbolizes the likelihood of all the SMEs engage in formal financing
given that they are engaged in k innovation activity. Thus, ATE of process innovation relative to
product innovation equals β3 − β2. We estimate six pairwise ATEs as: β2 − β1, β3 − β1, β4 − β1,
β3 − β2, β4 − β2, and β4 − β3.
Moreover, in terms of measuring the likelihood of using formal finance by innovating SMEs,
our choice of ATE is more appropriate compared to other treatment effect methods such as average
treated on the treated (ATT). According to McCaffrey et al. (2013), under the ATT method, each treatment
is assessed only in the cases it treats. For example, the ATT method measures the likelihood of using
formal finance by process innovation SMEs compared to a contractual control group. However, we are
interested in measuring the treatment effect of an innovation choice on the likelihood of using formal
finance by the SMEs that are engaged in that innovation choice compared to the treatment effects of
other innovation choices. In this context, ATE is the appropriate estimation method.
4. Results and Discussion
4.1. Descriptive Statistics
Table 2 presents the descriptive statistics of the study variables and pairwise mean differences of
the variables related to innovation types. The mean values of formal and informal financing show
that SMEs in our sample countries use a higher proportion of informal financing (70%) compared
to formal financing (30%). Additionally, the leverage variable shows SMEs on average only finance
22.85% of their assets with bank and non-banking financial institution sources. The mean values of
female ownership and top management positions show that females own 44.3% of SMEs and hold top
management positions in 33.2% of the establishments; however, the higher standard deviation values
indicate that this pattern of ownership is highly diverse in our sample countries. On the contrary,
we observe very low foreign ownership for the sample firms, indicating that domestic investors
own most of the small and medium businesses. Moreover, the average age of firms and years of
top management experience show similar values, indicating that owners of the business hold top
management positions in the business, which is a normal practice in SME establishments around the
world. Further, the mean value (1.95%) of sales growth variables shows lower growth rates of the SMEs
in ASEAN countries. Likewise, the firm size also exhibits significant pairwise mean difference among
innovator and non-innovators. Significant pairwise mean differences on various firm characteristics
indicate that assessing the impact of innovation engagement on the use of formal finance without
accounting for these difference would result in bias estimations. Therefore, this study uses propensity
score estimation process to generate a control sample that is analogous to the treated sample.
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Table 2. Descriptive statistics and pairwise mean differences.
Variable Mean Std. Dev. 2 vs. 1 3 vs. 1 4 vs. 1 3 vs. 2 4 vs. 2 4 vs. 3
Informal 0.696 0.46 −0.083 −0.126 −0.043 −0.2 −0.117 −0.074
(−3.939) (−4.864) (−1.359) (−7.652) −3.688 (−2.113)
Formal 0.304 0.46 0.083 0.126 0.043 0.2 0.117 0.074
(3.939) (4.864) (1.359) (7.652) (3.688) (2.113)
Leverage 22.85 30.0 −2.257 −12.25 −9.993 −7.249 −4.992 5.001
(−1.630) (−7.213) (−4.839) (−4.228) (−2.402) (2.175)
Research and
development 0.121 0.32 0.206 0.283 0.077 0.452 0.246 0.169
(14.303) (15.945) (3.559) (24.734) (11.179) (6.959)
Foreign ownership 3.970 14.9 −1.015 0.912 1.928 1.162 2.177 0.249
(−1.461) (1.07) (1.859) (1.349) (2.086) (0.216)
Female ownership 0.443 0.49 −0.003 0.091 0.094 0.17 0.173 0.079
(−0.130) (3.1960) (2.716) (5.938) (4.984) (2.062)
Female top manager 0.332 0.47 −0.016 −0.017 −0.001 −0.013 0.003 0.004
(−0.747) (−0.637) (−0.024) (−0.492) (0.093) (0.105)
Age 17.26 11.2 0.144 −0.56 −0.704 1.791 1.648 2.352
(−0.276) (−0.878) (−0.906) (2.772) (2.103) (2.717)
Years of experience 16.693 9.89 1.62 −2.038 −3.658 1.721 0.102 3.761
(−3.507) (−3.563) (−5.282) (2.983) (0.146) (4.857)
Total Asset 18.113 3.53 0.123 (−1.33) (−1.453) (−0.309) (−0.432) (−1.021)
(−0.568) (−4.767) (−4.367) (−1.168) (−1.344) (−2.794)
Sales Growth 1.952 6.40 −0.28 −0.192 0.088 −0.107 0.173 0.085
(−0.941) (−0.526) (0.198) (−0.290) (0.388) (0.173)
Note: Table 2 presents the mean and standard deviation of the firm and country-level variables. Statistically
significant t-statistic values are bold text. See Table A1 for variables description.
4.2. Balance and Overlap Results
The SMEs in our sample are engaged in various innovation activities. These innovation activities
are employed as treatments that an SME received based on its innovation activity. Subsequently,
we use the generalized boosted model (GBM) method to estimate propensity scores for SMEs engaged
in different types of innovation activities (treatments). However, before estimating the causal effect of
innovation treatments on the likelihood of using formal finance, we assess the balance and overlap of
treatment groups to ascertain whether these groups are sufficiently similar. According to McCaffrey
et al. (2013), balance and sufficient overlap of the treatment groups are preconditions to support the
causal estimands. Table 3 presents the unweighted and weighted means of each covariate along with
PSB statistics. We observe significant imbalance in unweighted means as shown by the PSB statistic
values (greater than 0.2). For example, the unweighted mean (0.043) of research and development
expenditure for non-innovators shows a significant difference compared to the overall mean (0.121)
expenditures of the sample SMEs. Similarly, innovating firms, regardless of their innovation activity,
also show significant differences in unweighted mean for the research and development variable
compared to the overall mean of research and development for the sample SMEs.
Moreover, the SMEs that engaged in process (product and process) innovation show significant
differences from the overall population for five (three) out of ten covariates, which indicates that
these SMEs are very different from our sample SMEs. However, the weighted mean values show that
there are no significant differences in weighted mean values for all covariates, as indicated by PSB
statistic values. Furthermore, we assess the overlap condition using box plots presented in Figure A1
(see Appendix A). The box plots show weighted propensity scores of each treatment (innovation)
activity against other activities. For example, the first box in Figure A1 shows the propensity scores of
product and process innovators against the other innovators and non-innovator SMEs. The process
continues for other treatments groups, and box plots graphically show their weighted scores against
other treatment groups. A thorough look at the box plots shows sufficient overlap between treatment
groups, signifying that overlap assumption of the PSW method is satisfied. These observation show
that the PSW process has successfully created balanced control and treatment samples that are suitable
for causal effect analysis.
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Table 3. Mean values for covariates in unweighted and weighted samples.











Foreign ownership 3.94 2.92 4.85 5.10 3.87 3.15 3.52 3.97 3.97 14.99
(0.00) (0.07) (0.06) (0.08) (0.01) (0.06) (0.03) (0.00)
Age 17.16 17.30 16.60 18.95 17.22 16.91 16.31 15.73 17.27 11.22
(0.01) (0.00) (0.06) (0.15) (0.01) (0.03) (0.09) (0.14)
Female owner 0.42 0.42 0.52 0.59 0.45 0.43 0.45 0.50 0.44 0.50
(0.04) (0.04) (0.14) (0.30) ** (0.01) (0.03) (0.02) (0.11)
Years of experience 16.52 18.14 14.48 18.24 16.62 16.66 15.42 15.64 16.69 9.89
(0.02) (0.15) (0.22) *** (0.16) (0.01) (0.00) (0.13) (0.11)
Female top manager 0.34 0.32 0.32 0.32 0.33 0.33 0.30 0.31 0.33 0.47
(0.01) (0.03) (0.03) (0.02) (0.00) (0.00) (0.06) (0.05)
Research and development 0.04 0.25 0.33 0.50 0.11 0.13 0.16 0.16 0.12 0.33
(0.24) ** (0.39) ** (0.63) * (1.15) * (0.04) (0.02) (0.11) (0.02)
Time spent with govt. official 4.01 4.51 7.97 7.68 4.58 4.71 5.40 6.46 14.83 4.63
(0.040) (0.01) (0.23) * (0.21) * (0.00) (0.01) (0.05) (0.12)
Firm size 18.22 18.34 16.89 17.91 18.10 18.07 17.88 18.12 18.11 3.54
(0.03) (0.06) (0.35) * (0.06) (0.00) (0.01) (0.07) (0.00)
Firm growth 2.01 1.73 1.82 1.90 1.95 1.83 1.76 2.18 1.95 6.41
(0.01) (0.04) (0.02) (0.01) (0.00) (0.02) (0.03) (0.04)
Leverage 78.87 76.61 66.62 71.62 77.59 75.77 73.77 71.47 77.15 30.07
(0.06) (0.02) (0.35) * (0.18) (0.02) (0.05) (0.11) (0.19)
Note: Table 3 presents the mean values of weighted and unweighted samples. Population-standardized bias (PSB) statistics are in parenthesis. *, **, *** shows significant PSB statistics
values at 10%, 5% and 1%, respectively. Last two columns show the mean and standard deviation of covariates for the pooled full sample. See Table A1 for variables description. P and P
means product and process.
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4.3. Causal Effects Analysis
We use the average treatment effect (ATE) to evaluate the causal effects of innovation treatments
on the likelihood of accessing formal finance. We set the non-innovative SMEs as the base group;
as a result, the estimated effect of product and process innovation on the likelihood of using formal
finance equals the weighted mean of product and process innovating SMEs minus the weighted
mean of non-innovating SMEs. Similarly, the estimated effect of product (process) innovation on the
likelihood of using formal finance equals the weighted mean of the product (process) innovating
SMEs minus the weighted mean of non-innovating SMEs. Column 1 in Table 4 shows the estimated
results of the weighted logistic model on the effect innovation treatments, exhibiting a significant
positive impact of product and process innovation engagement on the likelihood of accessing formal
financing sources. Specifically, SMEs engaged simultaneously in product and process innovation are
1.91 times more likely to use formal finance compared to non-innovating SMEs. Moreover, there is
no significant impact of product/service or process innovation on prospects of using formal finance
compared to non-innovators. For comparison purpose, we also present logistics regression results for
the unweighted sample in Column 2 in Table 4. These results show a relatively higher likelihood of
formal finance use by product- and process-innovating SMEs compared to non-innovators SMEs.











Innovation 1.918 *** 2.400 *** 2.100 *** 1.715 ** 2.024 *** 1.666 **
(0.309) (−0.279) (0.455) (0.408) (0.453) (0.395)
Process Innovation 1.176 1.773 *** 1.132 1.217 0.984 1.351
(0.163) −0.208 (0.224) (0.238) (0.199) (0.256)
Product Innovation 1.120 1.477 *** 1.237 1.001 1.063 1.161
(0.133) −0.144 (0.201) (0.173) (0.182) (0.193)
Constant 0.418 *** −0.996 *** 0.392 *** 0.447 *** 0.548 *** 0.333 ***
(0.0173) (0.039) (0.0225) (0.0267) (0.0341) (0.0186)
Observations 4541 4541 2374 2167 1994 2547
Note: Table 4 presents the weighted and unweighted full and subsample logistic regression results. Standard errors
in parentheses. ***, **, * represent statistical significance at 1%, 5% and 10%, respectively.
Additionally, SMEs engaged in only one type of (product or process) innovation also show a
higher likelihood of using formal finance compared to non-innovators SMEs. The comparative analysis
further strengthens our argument that there are inherent differences in innovator SMEs, and any
casual analysis without adjusting these differences would result in bias estimations. Further, Table 5
presents the pairwise coefficient differences in the likelihood of using formal finance for weighted
logistic regression. The results show that the SMEs engaged in product and process innovation are
more likely to use formal financing compared to SMEs that are only involved in one type (product or
process) of innovation activity. These findings suggest that highly innovative SMEs such as technology
and electronic businesses would need more formal financing primarily due to higher research and
development expenditures.
4.4. Additional Analysis
We perform additional subsample analysis separately for younger and older firms. Table 4
(columns 3 and 4) shows similar results as our baseline results. Moreover, we find younger innovative
SMEs to have a higher likelihood of using formal finance compared to older innovative SMEs (2.100
vs. 1.715). Our results corroborate with existing literature that shows that younger innovative SMEs
choose formal financing due to the inherent risk in innovation activities (Schäfer et al. 2004). Moreover,
Nielen (2016) reports a higher demand of trade credits among young and small innovative SMEs.
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Subsequently, we perform a subsample analysis for small and medium firms separately. The results in
Table 4 (columns 5 and 6) correlate with our baseline results and, to some extent, show relatively lower
likelihood (1.667 vs. 2.024) for small firms using formal finance compared to medium firms. Hence,
our subsample analysis suggests that younger and medium-size product- and process-innovating
SMEs are more likely to use formal finance.
Table 5. Pairwise coefficients’ contrast of innovation treatment coefficients.
Pairwise Comparisons Contrast Std. Err. t-Statistic p-Value
none vs. product and process −0.150 0.039 −3.810 0.000
process vs. product and process −0.115 0.048 −2.390 0.017
product vs. product and process −0.126 0.045 −2.780 0.005
process vs. none 0.035 0.030 1.140 0.254
product vs. none 0.024 0.026 0.940 0.345
product vs. process −0.011 0.038 −0.280 0.780
Note: Table 5 shows the pairwise coefficient contrast for weighted logistic regression results.
4.5. Robustness Test
Cuong (2013) suggests that controlling for imbalanced covariate in the post-propensity score
casual estimations can be achieved by adding the imbalanced covariates in the weighted regression
model. Although our PSW estimation shows that firm-level covariates are completely balanced in
the weighted sample (see Table 4), we perform doubly robust analysis by including firm- as well as
country-level variables. Moreover, we also control for country- and industry-fixed effects that may
influence the likelihood of using formal finance. The doubly robust results presented in Table 6 confirm
our baseline results regarding the higher likelihood of using formal finance among product and process
innovators and show no differences in the likelihood of using formal finance for SMEs that pursue
only one type of innovation.
Table 6. Doubly robust logistic regression estimates.







(1) (2) (3) (4) (5)
Product and process innovation 1.803 *** 1.875 ** 1.701 * 1.815 ** 1.729 *
(0.356) (0.462) (0.520) (0.484) (0.493)
Process innovation 1.077 0.873 1.264 1.069 1.129
(0.201) (0.238) (0.321) (0.306) (0.273)
Product innovation 1.189 1.218 1.188 1.124 1.135
(0.180) (0.252) (0.265) (0.224) (0.287)
Foreign ownership 0.999 1.002 0.985 * 0.989 1.004
(0.00462) (0.00522) (0.00906) (0.00786) (0.00557)
Female ownership 1.013 1.361 0.709 0.820 1.533 *
(0.165) (0.315) (0.171) (0.186) (0.338)
Age 1.009 0.995 1.028 ** 1.028 0.990
(0.00683) (0.00858) (0.0111) (0.0280) (0.00906)
Years of experience 1.004 1.006 0.995 0.983 1.019 *
(0.00821) (0.0111) (0.0120) (0.0134) (0.0107)
Female top manager 1.117 0.861 1.367 1.187 0.860
(0.195) (0.205) (0.361) (0.297) (0.206)
Research and development 1.264 1.228 1.286 1.340 1.365
(0.207) (0.288) (0.320) (0.299) (0.345)
Time spent with govt. author 1.007 * 1.009 * 1.004 1.009 1.004
(0.00402) (0.00532) (0.00571) (0.00584) (0.00554)
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Table 6. Cont.







(1) (2) (3) (4) (5)
Firm size 1.001 *** 1.001 *** 1.001 *** 1.001 *** 1.001 ***
(0.000) (0.000) (0.000) (0.000) (0.000)
Firm growth 1.009 1.023 1.010 1.019 1.003
(0.0112) (0.0158) (0.0159) (0.0155) (0.0158)
Leverage 0.974 *** 0.967 *** 0.975 *** 0.978 *** 0.964 ***
(0.00255) (0.00339) (0.00315) (0.00317) (0.00352)
Private credit to GDP 0.990 * 0.993 0.987 0.993 0.989
(0.00590) (0.00836) (0.00832) (0.00993) (0.00768)
GDP per capita 1.000 * 1.000 1.000 * 1.000 1.000 **
(0.000140) (0.000203) (0.000186) (0.000196) (0.000195)
Strength of legal rights 0.900 * 0.832 ** 0.931 0.971 0.826 **
(0.0516) (0.0700) (0.0765) (0.0821) (0.0627)
Observations 3341 1548 1793 1766 1575
Note: Table presents the doubly robust weighted logistics regression results of full and subsamples. See Table A1
for variables description. ***, **, * represent statistical significance at 1%, 5% and 10%, respectively.
5. Conclusions
This study uses a representative sample of ASEAN SMEs to provide evidence on the likelihood of
innovative SMEs using formal finance. To this end, we classify ASEAN SMEs into four categories,
namely non-innovators, product, process, and product and process innovator SMEs. Next, we perform
PSW analysis to adjust for inherent differences in the different type of innovative SMEs based on their
ownership structure, gender diversity, firm size, leverage, growth, and research and development
expenditure. The PSW analysis generates analogues treatment and control groups that satisfy the
conditions of sufficient balance and overlap.
Using propensity score balanced groups of innovator SMEs; we perform causal effect analysis by
employing the ATE approach to measure the likelihood of using formal finance among different types
of innovative SMEs compared to non-innovators. Our ATE results reveal that SMEs simultaneously
engaged in both product and process innovation show higher likelihood of using formal finance
compared to non-innovators. However, SMEs perusing only product/service or process innovation do
not show any significant differences in using formal finance compared to non-innovators. Additionally,
our pairwise analysis shows that product and process innovators also exhibit a higher likelihood
of using formal finance than product/service or process innovators. Furthermore, younger and
medium-size product and process innovating SMEs are more likely to use formal finance. These results
are robust for different subsamples and firm- and country-level controls.
Our findings provide novel insights about the likelihood of using formal finance among innovator
SMEs and provide useful implication for creditors and regulators, specifically in the context of ASEAN
countries. Our result suggests that SMEs engaged in electronics, chemicals and other technology-based
business are more likely to access formal finance. This finding can be used to facilitate and direct
strategies that are set in the current SME development plan in order to promote technology adoption,
innovation and access to finance among ASEAN SMEs. Moreover, creditors can use these findings to
devise their financing strategies to provide financing to innovative SMEs.
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Appendix A
Table A1. Variables definitions.
Variable Definition
Non-innovators A firm that did not introduce a new or significantly improved productor process in the last three years.
Product Innovation A firm that introduced new or significantly improved product/service inthe last three years.
Process Innovation A firm that introduced a new or significantly improved process in thelast three years.
Product and Process Innovation A firm that introduced new or significantly improved product/serviceand process in the last three years.
Formal Finance A loan from a bank or non-banking financial institution
Informal Finance A loan from loans from informal sources such as friends, family andtrade credits
Firm Age Number of years since the establishment of the firm
Firm Size Log of the total value of assets.
Foreign ownership Percentage of foreign ownership
Female ownership Dummy variables that take the value one if SME has a female ownerand zero otherwise
Female top manager Dummy variables that take the value one if SME has a top femalemanager and zero otherwise
Manager experience Number of years a manager has been a top manager
Time spent with government
officials
Time spent by senior management in a week dealing with government
officials to meet the requirements imposed by respective governments.
Development of credit markets: Private credit by deposit money banks and other financial institutions toGDP (%)
The efficiency of the legal system World bank strength of legal rights index score
GDP per capita GDP per capita in US dollar
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